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^nf r,ROTnsfD TO THF INVENTIQN 

THIS invention relates to a cutting blade for a surgical instrument in which the 
cutting blade is formed of a hard transparent, crystalline material, such as 
diamond sapphire or garnet, on the surface of -w^ich is provided a layer of 
fluorine atoms chemically bonded to the surface. ' 

Surgical blades are extremely sharp in order to minimise tissue damage 
along a line of incision. In order to achieve the desired sharpness of a 
cutting blade materials of choice for the manufacture of cutting blades are 
hard materials of a crystalline nature, such as diamond or sapphire. 

During use blood and other bodily fluids and materials often stick to the 
facets of a cutting blade thereby reducing its effectiveness. It is known to 
prevent tiiis from happening or at least reduce the sticking effect and 
facilitate cleaning of tiie blade by, for instance, wiping the blade witii a 
suitable material or sticking it into a block of suitable plastic foam, for 
example polystyrene. 

The problem of blood sticking to or coagulating on the surface of a cutting 
blade may be aggravated under conditions where tiie blade temperature 
exceeds tiie temperature at which blood starts to coagulate, namely 55 °C. 
This may be caused by deliberate heating of tiie surgical blade to induce 
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coagulation; by high intensity light sources used in conjunction with the 
blade or by the simultaneous use of a laserbeam, either through the cutting 
blade or applied separately. 

South African provisional patent application no. 99/4256, also filed by the 
applicant in this instance, describes a cutting blade for a surgical instrument 
in which the cutting blade is formed of diamond and laser radiation is 
transmitted through the blade in order to provide a cauteri2ation effect along 
a line of incision. This earlier application is incorporated herein by 
reference. The laser radiation passing through the cutting blade which forms 
the subject of this invention would cause heating of the blade which 
encourages blood sticking and coagulating on the surface of the blade. 

CTTMM ARY OF THF INVENTION 

According to the invention there is provided a method of forming a protective 
layer of fluorine atoms on a cutting blade for a surgical instrument in which 
the blade is formed of hard, transparent, crystalline material, such as diamond, 
sapphire or garnet, the method comprising the steps of: 

a) placing the blade in a plasma reactor; 

b) plasma cleaning the blade; 

c) coating the blade in a plasma of carbon fluoride (C„FJ gas. 
Preferably, the carbon fluoride (C„F J gas is CjFg, alternatively C2F4 or CjFg. 
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The method may include the step of chemically cleaning the blade. 

Typically, the coating takes place at a pressure of 0,1 to 2 mbar, for a period of 
30 to 1 80 mmutes and at a pow6r IfeVel 6f 30 to ,2000 wailii. 

Conveniently, the cleaning takes place in a plasma of air, oxygen, argon or a 
mixture thereof. 

According to a second aspect of the invention there is provided a cutting blade 
for a surgical instrument, the cutting blade being formed of a hard, transparent, 
crystalline material, such as diamond, sapphire or garnet, on the surface of 
which is provided a protective layer of fluorine atoms formed in accordance 
with the method described above. 

Preferably, the blade is formed of natural, monocrystalline synthetic or 
polycrystalline synthetic diamond or sapphire. 

Various embodiments of the invention are described in detail in the following 
passages of the specification. The described embodiments are merely 
illxistrative of how the invention might be put into effect and should not be 
seen as limiting on the scope of the invention. 

nFSrRTPTION OF AN EMBODIMENT 

In general terms this invention relates to a method of forming a protective 
layer of fluorine atoms on a cutting blade for a surgical instrument in which 
the surgical blade is formed of a hard, transparent crystalline material such 
as diamond, sapphire or garnet. The purpose of the layer is to reduce the 
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Sticking effect of blood and bodily fluids and materials to the blade during 
use. The layer should be of minimum thickness to minimise the reduction in 
sharpness of the blade. It is envisaged that this may be achieved according 
to the invention elQiei by mimmisiiig t he tfaiekncos of th e lay e r (in the 
extreme case one atomic layer of fluorine) or by polishing a micro facet on 
one or both sides of the cutting edge after the coating has been applied. 

The method of the invention is in essence a plasma coating method 
involving the following steps: 

1 . Chemically cleaning the blade. 

2. Placing the cutting blade in a plasma reactor. 

3. Plasma cleaning of the blade. This is done in a plasma of air, oxygen, 
argon or a mixture thereof for 5 to 20 minutes at approximately 1 mbar 
pressure and a power level of approximately 500 watts (ranges are not 
critical). The power is switched on at a duty cycle of 5 % to 50 % to 
prevent overheating. This cleaning step is essential if vdtimately good 
adhesion of the fluorine layer is to be achieved. 

4. Coating the blade in a plasma of CaFg. The process conditions of this 
coating step are a pressure of 0.1 to 2 mbar for a period of 30 to 180 
minutes at a power level between 50 and 2000 watts. 

The above description is a description of one method of putting the process, 
of the invention into effect and of variations on the specific process 
conditions described above. 



Two different approaches may be used in the process described above: 



Y. Ihe chemical StfUCture of the diaiiiuuJ ui uQi e i Laid, ciy&t^dliile 

material is modified such that it terminates with fluorine atoms, 
instead of the more usual hydrogen and/or oxygen. This can be 
achieved by exposing the surface of the material, such as diamond, 
to atomic fluorine at a range of temperatures, between 273 and 
573K. The preferred deposition method for the fluorine atomic 
layer onto the surgical blade is plasma treatment. In this method the 
surgical blade is exposed to a plasma excited in an atomic fluor 
generating substance such as SF^, NF3, HF or Fj. Argon may be 
introduced into the plasma to reduce the deposition rate to 
controllable levels. 

2. The sxirface is coated with a fluorocarbon polymer layer. This can 
be achieved by the known technique of plasma polymerization usin2 
precursors such as tetrafluoroethene. This process is described in the 
article entitled "Fundamentals of Plasma Chemistry and 
Technology" H.V. Boenig, Pub Technomatic, 1988 and the other 
references referred to in this document, which are all incorporated 
herein by reference. 

The preferred deposition method for the fluorocarbon polymer layer 
onto the surgical blade is plasma treatment In this method the 
surgical blade is exposed to a plasma excited in a carbon fluoride 
gas. Argon may be introduced into the plasma to reduce the 
deposition rate to controllable levels. 
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The thickness of the fluorocarbon polymer layer created by this 
process is a function of the time for which the blade is subjected to 
the process. The coating thickness can vary from a few nanometers 
to hundreds ot nanometers, imnner coaungs are more desirable so 
as not to blimt the cutting edge of the blade and limit laser light 
absorption. 

The polymer is deposited from a plasma excited from one of the following 
gasses: 

C2F4, CjFg, CjFg. 

The layer thickness is typically between 5 nanometers and 10 microns. A 
micro facet of between 5 and 50 inicrons is polished on one or both sides of 
the cutting edge after the layer has been formed. 

In addition to the method described above other processes may also be used 
to achieve the desired layer of fluorine atoms on the surface. One such 
method is to apply teflon to the surface of the cutting blade by heating the 
blade in a C2F4 environment. This induces polymerisation of the C2F4 on the 
hot surfaces to form a layer of fluorine atoms. Alternatively, parylene may 
be applied in a similar manner. In this variation on the process a 
(chemically inert) parylene dimer is "cracked" in a hot oven zone and the 
resultant reactive monomers are allowed to polymerise on the surface of the 
blade which is at a cooler temperature. 

The cutting blades to which this process may be applied are formed of hard, 
transparent crystalline material. Typically this material is natural. 



• 
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monocrystalline synthetic or polycrystalline synthetic diamond or sapphire. 
However, other materials could also be used such as hard crystalline simple 
oxides such as zirconia (ZrOj), yttria (Y2O3), garnets, most notably 
YttriumAluminumCiamet, LutetiumAlummumUamet, vanadates ana 
aluminumoxides (such as YttriumAluminxmiOxide.) Other hard infrared 
transparent crystals which may also be appropriate for the process are, 
orthosilicates. 

The method which forms the subject of this invention can be applied to a wide 
range of cutting blades operating in a range of laser wavelengths, such as 
those which are described in South African provisional patent application 
no.99/4256. 
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